Nanoscale lithography on La 0.7 Sr 0.3 MnO 3 (LSMO) thin film surfaces has been performed by scanning tunneling microscopy under ambient conditions. From line-etching experiments we found that the line depth is increasing in a step-wise fashion with increasing bias voltage as well as with decreasing scan speed. On average, the depth of the etched lines is an integral multiple of the LSMO out-of-plane lattice constant about 0.4 nm. A minimum wall thickness of 1.5 nm was obtained between etched lines. We have utilized the ability to control the etched line depths to create complicated inverse-pyramid nanostructure. Our work shows the feasibility of using STM lithography to create controllable and complex nanoscale structures in LSMO thin film.
I. INTRODUCTION
Perovskite manganites with chemical formula La 1−x A x MnO 3 (where A = Sr, Ba, Ca or Pb) haveattracted large scientific interests due to their abundant but complex physical properties, such as colossal magnetoresistance (CMR) 1,2 , metal-insulator transition 3, 4 , spin-, charge-, and orbital-ordering 5, 6 as well as phase coexistence 7, 8, 9 .
Some of the physical properties have been proved to be strongly dependent on material dimension down to nanometer length scale, for example, Takamura 
II. EXPERIMENTAL
LSMO thin films were deposited on TiO 2 terminated, single crystal SrTiO 3 substratesby pulsed laser deposition (from TSST) using a 248 nm KrF excimer laser in an oxygen atmosphere with pressure 0.2 mBar. The laser energy is 50 mJ per pulse.
The substrate temperature was 850
• C during deposition. In situ RHEED monitoring of the growth showed a continuous growth rate of 60Å/min. Films at thickness 120 nm were used for the etching experiments. Structure and surface characterization were performed using a high resolution x-ray diffractometer (Bruker AXS D8)
and an AFM (Digital Instruments Nanoscope III), respectively.
The nanoscale lithography experiments were conducted in air at room tempera- 
III. RESULTS AND DISCUSSION
From the x-ray diffraction measurements we determined the out of plane c parameterof the LSMO films to be ∼3.85Å, calculated from the (001), (002) and (003) diffraction peaks. This value is slightly lower than the bulk value of 3.88Å, and corresponds to an in-plane tensile strain associated with epitaxial growth on the larger unit cell of SrTiO 3 . The surface of the films displayed the step-and-terrace topography, with atomically flat plateaus, separated by steps of integral unit cell step heights. The RMS roughness was measured to be approximately 0.14 nm. Only successful lines were analyzed. 
